Introduction
Lymphatic filariasis due to Wuchereria bancrofti is a disease of major public health significance, affecting millions of people in the tropical areas of Africa, India, South and Central America, (WHO, 1995; Michael et al. 1996) . The overt clinical manifestations of hydrocele, elephantiasis and the syndrome of acute filarial fevers, cause a lot of morbidity and stigma associated with the grotesquely enlarged limbs and genitalia (Partono, 1984; WHO, 1992; Evans et al., 1993) . However, because the disease is insidious in nature and does not cause any dramatic mortality, it has not received the attention it merits.
The existing information on the development of lymphatic pathology suggest that the acute filarial fevers, which are often associated with an inflammatory reaction, initiate progressive lymphatic damage, leading to fibrosis and obstruction of the lymph vessels. However, the aetiology of acute adenolymphangitis (ADL) is yet to be well understood and the available information point to bacterial infections, immune responses to parasite antigen and repeated infections with filarial infective larvae (L3) as possible aetiological agents (Evert et al., 1980; Olszewski et al., 1993 Olszewski et al., , 1997 Addis et al., 1994; Shenoy et al. 1998) .
Although the chronic manifestations of hydrocele and elephantiasis are associated with reduced agility and impede economic performance, the use of these manifestations alone in the estimation of the global burden of disease due to lymphatic filariasis (World Bank, 1993; Michael et al. 1996 ) is an underestimate of the level of impact associated with this condition and may have contributed to the low priority accorded to lymphatic filariasis. Reports suggest that the clinical manifestation of adenolymphangitis may be an important cause of loss of work due to lymphatic filariasis (Jordan, 1955; Raghavan, 1969; Evans et al., 1993) .
The available information on the impact of ADL is limited and there is paucity of systematic studies characterizing this syndrome. Very little is known concerning the incidence in various endemic areas and there is insufficient information on the level of incapacitation associated with ADL attacks. This information is required from various endemic areas to facilitate a more accurate estimate of the burden of disease due to lymphatic filariasis.
Recently however, systematic studies were initiated by WHO/TDR and carried out as part of a multicentre study, designed to assess the social and economic impact of lymphatic filariasis in six endemic areas (Ghana, Madras, Philippines, Pondicherry, Tanzania and Vellore). This paper highlights the findings for the Tanzanian study centre, which characterize the ADL syndrome with respect to its incidence, duration and severity.
Materials and methods

Study site
The study was conducted in Rufiji district, which is located in South East Tanzania. It is one of the four administrative districts of the coast region, with an area of 18 000 km 2 and a population of 151 325 people (71 613 males and 80 703 females) according to the 1988 census. Climatically the temperature ranges between 18 and 40°C. Rainfall is seasonal, the wet season being November to May. The district is bisected by the large Rufiji river which empties into the Indian ocean on the eastern side of the district. The major health problems, as reported in the health centres and dispensaries include: malaria, skin diseases, upper respiratory infections and eye infections. Filariasis is not routinely reported in the health centers and dispensaries.
However, the area is endemic for filariasis, with reported microfilaria rate of 18%, scrotal elephantiasis of 9%, hydrocele rate of 12% and limb elephantiasis of 0.4% in the examined population (Matola, 1985) . The major economic activities are subsistence farming and fishing.
Sampling frame
Administratively Rufiji district constitute six divisions, 19 wards and 83 registered villages, with approximately 30 272 households.
For the purposes of the study, three divisions were purposely selected to represent the ecological differences and variation in economic activities in the district. A division consititutes about nine to twelve villages. Stratified random sampling was used to select the study villages viz, Ikwiriri, Mlanzi and Utete.
Study sample
A house to house cross-sectional morbidity survey was undertaken to delineate the extent of filariasis and other chronic conditions in each of the study villages. During the cross-sectional morbidity survey, individuals aged 10 years and above were included in the survey. The ages below 10 years were excluded based on the understanding that this age group frequently suffer from bacterial and other viral infections which would have been confounding for the ADL diagnostic criteria.
From the population examined in each of the three villages (Table 1 ) a random sample of 1000 individuals was selected to total 3000 individuals included in the surveillance for ADL episodes. The sample size of 3000 was an estimate based on the expectation that the incidence of ADL attacks in the endemic population is 2%.
Study procedure
Sur6eillance for ADL
In each study village a population of 1000 individuals was followed by three trained research assistants, under the supervision of a clinical officer (these are experienced clinicians managing the health problems at district level) for a period of 12 months. Every 2 weeks on the scheduled dates the research assistant visited the households of the selected individuals. If the individual was present the research assistant completed a screening form with a symptom checklist and returned the screening forms to the clinical officer at the end of the day. If an individual was absent an appointment was made for the next day and if absent on that day, the individual was recorded as absent.
Criteria for ADL confirmation
According to the WHO definition (WHO, 1993) an ADL episode would be confirmed if the affected individual presented with localised pain, lymphadenitis and/or/lymphangitis and/or cellulitis and local warmth, with or without systemic manifestations of fever, nausea and vomiting lasting for at least 3 days.
Confirmation of ADL
The confirmation of ADL was done by the clinical officer in each village, who assessed the screening forms submitted by the research assistants on the day of the visit. Individuals who reported symptoms of fever, local swelling, local pain, lymphadenitis and local warmth were visited within 24 h of receiving the report.
The clinical officer reconfirmed the symptoms reported by the research assistant on the confirmatory forms. The affected individuals were physically examined to elicit, lymphoedema and/or local swelling, local tenderness and inflammation of the lymphnodes and lymph vessels. In acute filarial lymphangitis the affected lymph vessels are usually inflamed, dilated, varicose and cord like. They are easily palpable and acutely tender. The underlying skin is turgid or oedematous and there are streaks of erythma running along the course of the vessels.
An ADL case was therefore clinically confirmed if the criteria for diagnosis were met, following history taking and physical examination by the clinical officer. A suspected ADL case was confirmed if two of the three major criteria as defined above were met with or without systemic manifestations of fever, nausea and vomiting lasting for at least 3 days.
Active ADL episodes and those which occurred within a 2 week recall period were recorded. Those with active attacks were treated with analgesics and monitored until the attack subsided in order to determine the duration and severity. The level of incapacitation was assessed by the response to the question as to whether the affected were completely or partly unable to work and the duration for which they were incapacitated.
Statistical analysis
All data were entered in a database program Dbase IV and analysed using the SPSS (Statistical package for Social Scientists version 4). Univariate analysis using 2 tests were done to assess the association between ADL and age, sex, chronic manifestations of lymphoedema, its grade and duration. For males the association between ADL with hydrocele and its size was also assessed. Multivariate analysis using multiple logistic regression was performed to adjust for confounding variables. Only variables which were significantly associated with ADL in the univariate analysis were included in the logistic regression model. To assess the importance of hydrocele pathology as a predictor of ADL separate multivariate analysis was performed for males alone.
Results
Based on the cross-sectional morbidity survey, a total population of 4576 individuals was examined. Of these 3.1% (141) were seen to have chronic filariasis. Table 1 shows the proportion of those affected in each village.
Incidence of acute filarial attacks
During the prospective surveillance 3000 individuals were visited on a fortnightly basis and 26 visits were made (Table 2 ). In the 12 months of follow up, 283 individuals experienced a total of 422 acute illness episodes which needed medical attention. Of the 422 illness episodes recorded, 98 were confirmed as acute adenolymphangitis based on the criteria and an additional 67 episodes were classified as suspected ADL episodes, while the remaining 257 episodes were acute illnesses which did not meet the ADL criterion. The acute illnesses were mainly due to malaria, arthritic pains and upper respiratory infections. Based on the confirmed episodes the annual incidence of ADL was 33 per 1000 population.
The 98 ADL episodes recorded were experienced by 65 individuals. The number of ADL episodes per person ranged from one to five with the majority (60.4%), having had one episode only. All individuals diagnosed as having an ADL attack, were seen during a recall period of 14 days. Of the 98 ADL episodes, 51 (52.0%) were seen during the acute phase and the rest were seen when the acute phase was over.
The mean duration of an ADL episode was 8.6 days (range 2-21 days). In 72.5% of the episodes the affected individuals were completely unable to work. The mean duration of total incapacitation was 3.7 days (range 1-14 days).
The incidence of ADL was almost three times higher among males compared to females (52.7 per 1000 population among males, and 18.7 per 1000 population among females). The difference in the incidence of ADL between males and females was statistically significant ( 2 = 17.3, PB 0.001). In addition, ADL incidence showed an increasing trend with advancing age up to the age of 59 years when it started to decrease. This increasing trend in the incidence of ADL with age is statistically significant ( 2 trend=79.3, PB 0.001). Table 3 shows the anatomical distribution of the ADL episodes. Of the 98 ADL episodes 61.3% occurred in the lower limbs, while 35.7% occurred in the scrotum.
Relationship of acute adenolymphangitis and lymphatic pathology
Individuals with lymphoedema were more likely to have ADL attacks compared to the normal exposed population. Those with lymphoedema, 61.3% developed ADL during the 12 months follow up period, while only 2.6% without lymphoedema (normal exposed population) had ADL episodes ( 2 = 333.7, PB 0.001). However, among the individuals with lymphoedema the duration and the grade of lymphoedema was not significantly associated with ADL ( 2 = 0.35, P\ Among males, the findings show increased incidence of ADL among those with hydrocele pathology and the association was found to be significant ( 2 =88.3, P B0.001). Similar to the findings in the lymphoedema group, the size of hydrocele was not a significant factor in influencing the incidence of ADL ( 2 = 0.54, P\ 0.05). It was however noted that of all ADL cases in males, 80% of those with hydrocele pathology exhibited ADL of the scrotum as opposed to 20% with limb ADL. This suggests that hydrocele is a significant factor influencing the incidence of ADL of the scrotum rather than limb ADL.
Multiple logistic regression was done to investigate factors that can significantly predict ADL episodes. Findings show that although the incidence of ADL was found to be high among the males in bivariate analysis, when age and lymphoedema are controlled for, females are three times more likely to develop ADL than males (OR 3.78, (2.19-6.12)).
Further analysis shows that there is variation in individual age distribution with sex, with a tendency for females being younger than males (mean ages: 47.1 and 51.6 years, respectively). This suggests that the high ADL attacks among the males is due to either the high prevalence of chronic disease among them or due to the fact that males were on average older than the females. We tested for the interaction between sex and lymphoedema and between age and sex and in both cases there was no statistical significance. This suggests that the relationship between ADL and lymphoedema is similar for both sexes and that the increase in ADL incidence with age is also similar in both sexes.
When age and sex were controlled for it was found that individuals with lymphoedema were seven times more likely to develop ADL than the exposed normals (OR= 7.33, ).
To assess the influence of hydrocele in predicting ADL, a separate regression model was done for males alone. Results show that the effect of hydrocele in predicting ADL was not statististically significant (OR= 0.7, ). Similar to the findings in combined sexes model, age and lymphoedema were found to be significant predictors of ADL among the males (OR= 5.96, (1.66-21.4)) for lymphoedema and (OR= 4.28, (1.46-12.5)) for age.
Seasonality and incidence of acute adenolymphangitis
Analysis was carried out to delineate whether there was any seasonal variation in ADL occurrence. The results indicate an increasing trend in the incidence of ADL during the long rains (March to May), which peaked in May and again in August after the rains. However, there seem to be no significant difference in the proportion of ADL episodes between the rainy and the dry season (52.2 and 47.8%, respectively (Fig. 1). 
Discussion
'Filarial fevers' characterized by episodic attacks of adenolymphangitis, associated with fever and malaise, are believed to be an early sign of lymphatic filariasis (Manson-Bahr and Bell, 1987; WHO, 1992) . Although this clinical syndrome is thought to be important in the development and progression of lymphatic filariasis (Pani et al. 1995) it has not been systematically characterized.
This study describes some of the epidemiological aspects of filarial adenolymphangitis in Tanzania where the annual incidence of ADL in Rufiji district was found to be 33 per 1000 population. This incidence rate is significantly high compared to earlier studies in other bancroftian filariasis endemic areas like India (Andhra Pradesh) where the incidence ranged between 8 and 27 per 1000 population/year (Rao et al., 1982a,b) .
However, more recent studies in Ghana and India (Tamil Nadu) report significantly higher incidence rates of 96 and 97 per 1000 population per year, respectively, compared to this study (Gyapong et al., 1996; Ramaiah et al., 1996) . This difference may be due to the variation in the constitution of the sample populations and differences in the prevalences of chronic disease manifestations in the different study sites.
Our results show that individuals with chronic manifestations of lymphoedema and hydrocele were at a higher risk to develop ADL compared to 'normal' exposed individuals. The significant association of chronic disease with ADL incidence has been reported in earlier studies both in Tanzania and from other endemic areas (Jordan, 1955; Pani et al., 1995; Gyapong et al., 1996; Ramaiah et al., 1996) The increased frequency of ADL episodes in individuals with chronic manifestations and lymphoedema in particular is difficult to explain, since the aetiology of ADL is still not well characterized. The available information on ADL aetiology point to various factors; bacterial infections, toxins liberated from the adult parasites, immunological mechanisms and repeated exposure to infective mosquito bites have all been implicated (Chaterjee, 1965; Evert et al., 1980; Ottesen et al., 1982; Partono, 1987; Olszewski et al., 1993; Kar Addis et al., 1994; Olszewski et al., 1997) . However, the aetiology of secondary bacterial infections may be a plausible explanation given the fact that the skin of individuals with limb elephantiasis may be compromised and the risk of infection possibly increased by the frequent exposure to a potentially contaminated environment. This hypothesis is supported by recent observations that simple foot hygiene measures lower the incidence of ADL in individuals with lymphoedema (Burri et al., 1996; Shenoy et al., 1998) .
The incidence of ADL was significantly higher in males than females. This observation is similar to what is generally seen in other clinical manifestations of filariasis. Higher microfilaria rates and densities as well as higher prevalences of chronic manifestations have been reported in males than females (McMahon et al., 1981; Kimura et al., 1985) .
Immunological as well as hormonal factors have been hypothesized as responsible for differential susceptibility (Eidinger and Ganet, 1972) , however, the gender differences observed in ADL incidence in this study and other studies (Gyapong et al., 1996; Ramaiah et al., 1996) , could be influenced by the differences in chronic disease prevalences and the differential susceptibility to ADL attacks for individuals with lymphoedema and hydrocele as seen in this study. The compounded pathology of hydrocele and lymphoedema that males manifest and overall advanced age in males that generally parallels increase in development of chronic manifestations, could explain the high incidence of ADL observed in males.
Unlike the observations of Pani et al. (1995) in India, where the frequency of ADL episodes were positively associated with the dynamic progression of lymphoedema through grade 1 -3, in this study there was no association with the grade of lymphoedema or the duration.
Similar observations of no association were found in Ghana (Gyapong et al., 1996) . Based on the available data it is not clear whether there are underlying differences between the African and the Indian study populations, or simply a difference attributable to study designs. The African sites had a 2-week recall period compared to a 12-month recall period for the Indian site.
An increasing trend in ADL episodes with advancing age was observed and a high incidence of ADL episodes was found in the older age groups. This observation conforms to the fact that chronic manifestations of lymphatic filariasis also increases with age. However, it should be noted that in the younger age group of 10-19 years believed to have relatively low prevalences of chronic manifestations, a high ADL incidence of 14 per 1000 population was observed. It is possible that the total disease burden in this age group may have been underestimated and therefore, the effect of age in ADL attacks is difficult to explain.
The mean duration of an ADL attack in this study was found to be 8.6 days (range 2-21 days). This prolonged period, seems to exacerbate the morbidity and physical incapacitation associated with ADL attacks. It is notable that in 72.5% of the episodes the affected were totally incapacitated for a period of 4 days and unable to perform any work. Based on socio-economic studies on the same population (unpublished), it was observed that the acute attacks significantly reduce the number of hours the patient would have worked under normal circumstances. For example an average of 1.4 h of work were reported by individuals experiencing acute attacks compared to 5 h of work reported by controls, who experienced other illnesses during that period. Physical incapacitation does not only include failure to perform economic activities but may extend to loss of ability for personal care during the attacks.
The significant physical incapacitation associated with ADL attacks, shows that the disease burden due to filariasis is grossly increased by this condition. The effect of an ADL attack is not limited to the affected individual, but extends to other members of the family and community as the affected consistently need care and support in economic activity performance when they have the acute attack.
The incidence of ADL seemed to peak during the rainy season and 3 months after the rain. During this period the vector species of Culex quinquefasciatus and Anopheles gambiae are quite abundant. It is possible therefore that the peak incidence observed may be related to the increased transmission during this period when the mosquito populations and hence infective bites increase. This is consistent with the hypothesis that ADL attacks may be associated with an allergic response to massive parasite antigen release (Kar et al., 1993; Addis et al., 1994) . However, the possible additional role of bacterial infections in ADL attacks, in a community where there may be increased environmental contamination during the rainy season cannot be ruled out.
The criterion used for the diagnosis of ADL seem to be quite specific, as it was possible to differentiate the other forms of acute illnesses which are quite rampant in the endemic communities. The symptoms/signs of lymphatic system involvement including, lymphadenitis, lymphangitis and cellulitis were significantly reported by individuals confirmed to have ADL. It is interesting to note that these signs were significantly low in other acute illnesses.
Although some of the symptoms/signs in the criterion used for diagnosis may be similar to those observed in bacterial lymphoadenopathy, the criterion was designed to exclude other likely conditions. Additional parasitological and or immunological tests would have complemented the criterion used for diagnosis. However, this study was designed to utilize a simple diagnostic tool for clinical diagnosis of ADL at community level and was not designed for detecting circulating filarial antigens or microfilaria in ADL cases. Reports by Addis et al. (1994) , Pani et al. (1995) , Gyapong et al. (1996) , Ramaiah et al. (1996) suggest that the lack of these additional diagnostic tests is not likely to affect the reliability/validity of the results, since the study site has a long standing endemicity for lymphatic filariasis (Table 1) .
In conclusion, this study clearly shows that ADL may be occuring more often than was hitherto believed and that the affected individuals are frequently incapacitated for long periods of time. This physical incapacitation interferes with personal care and negatively impacts on economic performance. This situation emphasizes the urgency and need to elucidate the aetiology of the acute attacks in endemic areas, with an aim to prevent filarial morbidity and debilitation in those already having chronic manifestations. Of immediate practicality is the promotion of the already developed simple hygienic measures for individuals with lymphoedema in order to minimize pain and frequency of morbidity.
